By means of a statistical method for detecting distant evolutionary relationships between proteins, we found a high probability that internal homologies exist in preproparathyroid hormone, the biological precursor of proparathyroid hormone and parathyroid hormone. The Parathyroid hormone (PTH) is the primary hormone in the regulation of plasma Ca concentration in higher animals (mammals, birds, reptiles, and amphibians) through its effects on bone mineral resorption and renal Ca and P04 excretion (1). The hormone is a simple peptide containing 84 amino acids in a single chain. It is formed in the parathyroid gland by a twostep cleavage of its 115 amino acid precursor, prepro-PTH (2, 3). First the 25-residue amino-terminal "pre" extension is removed to yield pro-PTH (2, 3) and then the 6-residue "pro" extension is cleaved to yield the native hormone (1, 4).
dictive formulation indicated that most of the regions calculated to be related on an evolutionary basis were likewise homologous in terms of structure. These results and other considerations suggest that a primitive form of parathyroid hormone, possibly of pituitary origin, existed (or still exists). Parathyroid hormone of higher species likely was formed by gene doubling and fusion of the primitive gene. Parathyroid hormone (PTH) is the primary hormone in the regulation of plasma Ca concentration in higher animals (mammals, birds, reptiles, and amphibians) through its effects on bone mineral resorption and renal Ca and P04 excretion (1) . The hormone is a simple peptide containing 84 amino acids in a single chain. It is formed in the parathyroid gland by a twostep cleavage of its 115 amino acid precursor, prepro-PTH (2, 3) . First the 25-residue amino-terminal "pre" extension is removed to yield pro-PTH (2, 3) and then the 6-residue "pro" extension is cleaved to yield the native hormone (1, 4) .
It is believed that the hydrophobic pre extension facilitates the entry of the hormone into the cisternal space of the endoplasmic reticulum (5) and, in this regard, is similar to the pre extensions of various exported peptides including preproinsulin (6) , pre-growth hormone (7) , preproalbumin (8) , and pre-light chain immunoglobulin (9) . The role of the pro extension is not known but it has been postulated to serve as a subsequent intracellular processing signal (10) .
Recently, we examined the pre and pro sequences of PTH by statistical methods to determine possible evolutionary relationships to the pre sequences of other exportable peptides and proteins. During this work, we became aware of internal homologies in prepro-PTH that involve the pre and pro segments of the peptide chain as well as the native segment. This finding suggests interesting possibilities concerning the evolutionary origin of the hormone.
METHODS
The internal homologies of PTH and other proteins and the potential relationship between PTH and other proteins were assessed according to the procedure outlined by Barker and Dayhoff (11) . We used a computer program that allowed us to compare, position by position, any region of the desired chain to a reference sequence and to obtain a pair score. Thirty pair scores taken at random were then obtained by comparing the reference sequence to 30 different sequences generated by randomizing the amino acid residues of the test sequence. As developed by Barker and Dayhoff (11) , the alignment score represents the difference between the test score and the mean of the 30 random alignment scores divided by the standard deviation of the mean random alignment score. We repeated each such comparison four to eight times and report this score plus its standard deviation. Because the alignment scores exhibit a normal distribution (11) , an alignment score greater than 2.0 means that the likelihood that the two peptides are unrelated is <0.025; for scores greater than 3.0, 3.5, or 4.0, the probabilities are <0.001, <0.0005, or <0.0001, respectively. Table 1 lists the alignment scores and number of exact amino acid matches for the comparisons of several continuous stretches of the amino-terminal segment of prepro-PTH, pro-PTH, and PTH with equivalent regions in the carboxyl end of the molecules. We find a strong likelihood of homology between the 49-residue segments PrePro-PTH -27 to +22 and PTH +26 to +74. In these regions, 9 of the 52 residues matched perfectly and 5 others were almost directly substitutable: i.e., L for I, E for D, and K for R (Fig. 1 , alignment A). Strong homologies were maintained when PTH and regions of the pro and prepro segments were individually tested (PTH +1 to +22 vs. PTH +53 to +74, Pro-PTH -6 to +22 vs. PTH +47 to +74, and prepro-PTH -27 to -1 vs. PTH +26 to +52), suggesting that the homology between the 49-residue sequences of prepro-PTH resides throughout the entire stretch.
RESULTS
One may modify and extend the regions of comparison and still maintain or even improve the likelihood of internal homology. In alignment B of Fig. 1 , we shifted residues 23-29 (WLRKKLQ) from the amino terminus of the lower sequence to the carboxyl end of the upper sequence. The resultant sequences, prepro-PTH -23 to +29 and PTH +30 to +81, gave eight exact and five nearly exact matches and an alignment score of t3. If one adds three gaps to the upper sequence (Fig.  1, alignment C) , the alignment score exceeds 4 and the number of exact matches increases to 12.
The alignment scores for the prepro-PTH regions may be compared to those that we calculated for segments of proteins that are acknowledged to be homologous and are postulated to have been formed by gene elongation (12) (13) (14) . For example, the alignment scores and the number of exact matches for the 31-residue Al-S1-B1 region of troponin C compared to the Abbreviation: PTH, parathyroid hormone.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. (20), we wondered whether the secondary structure of the two homologous regions of prepro-PTH would exhibit the expected conservation of structure. The possibilities of (3turns and a-helix and (3-sheet regions in the prepro-PTH structure were analyzed by the formula of Chou and Fasman (21) with probability values based on an analysis of 29 proteins (22, 23) . Fig. 2 shows that, by and large, the predicted helical, sheet, and turn areas of the homologous regions of sequence were also aligned. The only difference was the calculation of (-turn probability PTH +49 to +54 compared to the helix predicted for prepro-PTH -4 to +2. It is perhaps significant that the unique helical region of the latter exists at the points in prepro-PTH where the two proteolytic cleavages occur to yield the prohormone and hormone. Alignments of bovine prepro-PTH homology regions. The residues of the native PTH are numbered +1 to +84; those of the aminoterminal extension contained in pro-PTH ("Pro") are numbered -6 to -1; and those comprising the additional amino-terminal extension yielding prepro-PTH ("Pre") are numbered -31 to -7. The one-letter code (11) (21) (22) (23) . The prediction of'o sheet for region +31 to +42 differs from the ( t helix prediction reported earlier (19) . This difference results from a revision by Fasman and associates (22) in probabilities of residues existing in helix or 13-sheet structures. The present prediction for the pro-PTH region is in accord with that of Geisow (24) . 0, d sheet; *, j3 turn; E, (V-helix.
DISCUSSION
If the present form of PTH arose from gene doubling as we propose, then certain inferences relating to the evolution of the hormone may be made. First, homology region 2 includes duplication of the pre and pro sequences and a substantial portion of the amino-terminal region of native PTH. It is of interest that the biological activity of PTH resides solely in the amino-terminal region of the molecule, in perhaps the first 27 residues (25) . The carboxyl portion of PTH is biologically inactive. This could mean that a primordial form of PTH could have existed that contained as few as [22] [23] [24] [25] [26] [27] [28] [29] residues. It is not hard to imagine that a molecule with less than the presently required 27 residues could have exhibited biological activity, given the right assortment of original residues. If, at the time of gene doubling, the carboxyl portion of the newly arising peptide were biologically active, as would seem likely, we must assume that it lost activity due to imposed evolutionary alteration.
There is increasing evidence that the pituitary of teleosts and lower urodeles* and perhaps some mammals (26) 
